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if a large-scale correlation is 
isotropic in true cosmology...

...but observed to be anisotropic 
in assumed fiducial cosmology...



...then can measure product DA(z)H(z)/c 
needed to restore symmetry.

if a large-scale correlation is 
isotropic in true cosmology...

...but observed to be anisotropic 
in assumed fiducial cosmology...

(Alcock-Paczynski effect)



if a large-scale correlation is 
isotropic in true cosmology...

...but observed to be anisotropic 
in assumed fiducial cosmology...

...then can measure DA(z)/rs and c/(rsH(z)) 
needed to restore symmetry and size. 

...and of a known size rs...

(Alcock-Paczynski effect)
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quasar photons travel through the
Intergalactic Medium (IGM)

which contains ~95% of Universe’s baryons

Ly-α

C-IVSi-IV
Ly-α

Ly-β,... metals



Lyman-α
“forest”

Absorption in the Lyman-α forest
at λobs measures H-I density at 1+z = λobs/λα



Lyman-α
“forest”

each forest spans ~0.5 Gpc/h of  IGM
photons take ~0.8 Gyr to cover this distance

BOSS samples 1Å ~ 1 Mpc per pixel
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zQSO = 2.5 zQSO = 3.0 zQSO = 3.5

Estimate what continuum flux would be
without any Ly-a absorption



zQSO = 2.5 zQSO = 3.0 zQSO = 3.5

Calculate transmitted flux fraction
F = observed flux / continuum flux



zQSO = 2.5 zQSO = 3.0 zQSO = 3.5

Calculate matter over-density proxy
δF = ( F - ⟨F⟩ ) / ⟨F⟩



observed λ ~ absorption z
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Fit 3D correlation function ξF(Δr⊥, Δr∥, z)
of δF  field to measure DA(z)/rs and c/(rsH(z))
assuming isotropic BAO peak with size rs

z



Fit 3D correlation function ξF(Δr⊥, Δr∥, z)
of δF  field to measure DA(z)/rs and c/(rsH(z))
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Figure 21. Correlation functions under the assumption of Kaiser-like redshift-space distortions for
all fifteen realizations of synthetic data combined (left column) and the real data (right column). The
top row are bins as inferred, the bottom row is with the largest eigenvalue removed. The dotted line
is the model around which we measure the binned correlation function, the dashed-line is after taking
into account the eigen-vectors projected out. The blue line is the theoretical peak added back to the
dashed-line model to show agreement. The correlation functions are normalized to the underlying
dark-matter correlation function with the bias factor inferred for our fiducial cosmological model
divided out.

resulting in less information loss when simultaneously fitting for the BAO and broadband
parameters.

Our results are more precise than the theoretical expectations for what the BOSS ex-
periment with the present dataset is expected to achieve with the Lyman-↵ forest technique
[23]. The covariance of ↵? and ↵k measurements have the same correlation coe�cient as
predicted by the Fisher matrix forecast (⇠ �0.55), but our signal-to-noise is about 40%
better. The Fisher matrix calculation assumed bias parameters from [52] and the forecasted
expectations for the BOSS spectrograph signal-to-noise. In fact we have now achieved the
statistical position accuracy that is consistent with what would be expected at the end of the
survey. We saw with the synthetic data that realization-to-realization scatter is large so it is
possible that we might just have been fortunate. On the other hand, it is also possible that
the forecasts were pessimistic and that the signal is larger than expected. To distinguish
between these possibilities, one needs to perform the analysis on a larger dataset and/or
carefully compare the achieved spectrograph signal-to-noise and measured bias parameters
with values that were used in the Fisher matrix analysis.
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BOSS DR9 Lyα monopole

Slosar++ 2013
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LyaF probes decelerating universe!
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Conclusions

BOSS working well and delivering on key projects.

BOSS BAO results consistent with ΛCDM.

Lyman-α forest now proven technique for BAO
(but still challenging...)

Data collected during 2011-12 doubles DR9, and 
is being analyzed now (DR10 public Jul 2013).

Looking forward to MS-DESI !


